Abstract: Argania spinosa L. (Sapotaceae family), endemic to Morocco, is a multipurpose tree with an important ecological and socio-economical interest. Nevertheless, the sustainability of the agro-forestry system is now threatened by overgrazing and over-exploitation leading to an alarming decline in the number of trees. In the present study, inter-simple sequence repeats (ISSR) markers were used to evaluate the genetic variation and to assess the genetic diversity distribution within and among 17 argan populations growing naturally under semi-arid and arid climate. Thus, a total of seven primers generated 260 well-defined bands, with an average of 37.14 bands per primer. Studied populations showed a relatively high level of genetic diversity at species level and low level of genetic diversity at population level. The percentage of polymorphic bands, Nei's gene diversity and Shannon's information index at population and species level were 30.15%, 0.164, 0.217 and 98.8%, 0.172, 0.293, respectively. A relative low level of genetic differentiation (Gst = 0.39) was in agreement with the results obtained from the analysis of molecular variance (AMOVA). Estimated gene flow was Nm = 0.781 among populations. Mantel test revealed a non-significant correlation between genetic and geographic distance (r = 0.065, P < 0.05), suggesting that the geographic distribution is not the major factor that shaped the present population genetic structure. The results can help preserve A. spinosa L. tree as an endangered species, however, refining these finding using co-dominant markers is recommended in order to establish conservation strategies.
Introduction


The argan tree (Argania spinosa (L.) Skeels, aka, Argania sideroxylon Roem. & Schult.), unique representative of the Sapotaceae family in Morocco, is endemic to the country [1] . It is widely distributed in the Southwest region, and three relics populations of purpose and thought to have various cosmetic and medicinal properties (e.g., skin revitalization, decreasing cholesterol level, stimulation of vascular circulation). Argan wood is used especially by local population as fodder to produce charcoal, fuel or in some house constructions [5] . Nevertheless, the over-exploitation and deterioration of its habitats decrease the number of trees annually and rapidly [6] .
Genetic collapse, which is the characteristic of species with small populations sizes and a history of fragmented populations, is thought to have a powerful impact on the capacity of a species to survive in environmental changes [7] . Also, genetic diversity has been shown to be related to fitness, and a loss of genetic diversity reduces the capacity of populations to evolve to face environmental changes [8, 9] . Thus, the establishment of levels of genetic variation within rare and endangered plant species is considered to be crucial for their long-term survival [10] and important for the assessment of effective conservation strategies [11, 12] . Although the genetic diversity of argan tree has been studied using agro-morphological [13] [14] [15] [16] and biochemical markers [17, 18] , only few studies used molecular markers. Thus, Bani-Aameur and Benlahbil [15] used random amplified polymorphic DNA (RAPD) markers, Majourhat et al. [19] utilized simple sequence repeats (SSR) markers to characterize the most common morphotypes and El-Mousadik and Petit [17] identified the haplotypes of this endangered species using PCR-restriction fragment length polymorphism (RFLP) of chloroplast DNA.
Nevertheless, the limited number of samples was a limiting factor in the analysis of genetic diversity in those studies. A larger number of samples are required, if a more comprehensive study is to be undertaken into the genetic diversity present in this species.
Out of the various molecular markers, the inter-simple sequence repeats (ISSR) remains a reliable DNA markers system [20] and a simple tool widely used in genetic diversity studies. Therefore, in this study, ISSR markers were used to investigate the genetic diversity of A. spinosa L. and to assess the genetic variation within and among its populations in Morocco.
Materials and Methods
Plant Material
Based on the homogenous area card established by the Moroccan High Commission for Water, Forest and Desertification (HCEFLCD) [4] , three bioclimatic regions, mainly under semi-arid and arid climate, were selected, namely, North atlasic plains and plateaus, the argan region and the plains and plateaus of the Oriental (Fig. 1, Table 1 ). Over these regions, 17 populations with a total of 340 individuals were sampled (20 individuals from each population). Fresh leaves were collected from each sampled individual, labeled and stored at -80 °C for DNA further use.
DNA Extraction
Total genomic DNA was extracted from 50 mg dried leaf tissue, using the isolate plant DNA mini kit (Bioline, USA) according to the manufacturer's protocol. The DNA was then suspended in TE buffer. Two DNA preparations were performed separately for each sample.
DNA concentration and quality were determined by spectrophotometry (ND-2000, NanoDrop, USA) and evaluated by electrophoresis on 1% agarose gel. The DNA concentrations were adjusted to 50 ng/µL for all samples and then stored at -20 °C for subsequent use.
DNA Amplification by ISSR
In this study, 22 ISSR primers were used for initial screening of 10 randomly sampled argan trees. Out of these, seven primers giving consistent informative patterns from two DNA preparations were selected for further analysis ( Table 2) .
The polymerase chain reaction (PCR) was run according to the modified protocol of Zietkiewicz et al. [20] in a total volume of 25 µL, containing 1 PCR Band size was estimated using 100 bp ladder molecular size standards (Bioline, USA).
Data Analysis
The amplified fragments, with the same mobility according to their molecular weight (bp), were scored in terms of a binary code as present (1) or absent (0). Only distinct, reproducible fragments were scored for each population, then matrix for the ISSR phenotypes was gathered using POPGENE version 1.32 [21] . Assuming Hardy-Weinberg equilibrium, the percentage of polymorphic bands (PB%), Nei's gene diversity (H) [22] , Shannon's index (I) [23] , observed number of alleles (Na), effective number of alleles (Ne), Nei's genetic distance [24] , Nei's genetic differentiation index (Gst) and gene flow (Nm) were calculated to describe the genetic variation at intraand inter-populations levels. Cluster analysis was assessed using NTSYS-pc 2.10 software to construct a dendrogram through the unweighted pair group method with arithmetic mean (UPGMA) in order to examine genetic relationships among populations [25] .
The analysis of molecular variance (AMOVA) was also measured using GenALEx 6.5 [26] to estimate the partition of genetic variance among and within populations. In addition, the Mantel test of genetic and geographic distances was carried out to evaluate a potential association between both data matrices.
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Results and Discussion
Genetic Diversity
Due to their ability to detect low levels of genetic diversity, ISSR markers have been used to study the genetic variation of many plant species [20] . They are also potentially effective in analyzing bio-geographical patterns among populations within species [27] . Hence, seven ISSR markers were used to study the genetic diversity of endemic plant A. spinosa L. and to amplify a total of 340 individuals. Samples were collected from 17 argan populations distributed in three major bioclimatic regions under arid and semi-arid climate (Table 1) .
Amplified DNA produced 260 bright and identifiable polymorphic fragments ranging from 150 bp to 2,000 bp. Fragments' number for each primer varied from 24 (FL4) to 56 (FL9) with an average of 37.14 per primer ( Table 2) .
Percentage of polymorphic bands (PB%) ranged respectively from 21.15% (BS) to 38.46% (RB) with an average of 30.15% at population level and 98.8% at specie level. The average effective number of alleles per locus (Ne), assuming Hardy-Weinberg equilibrium, was 1.175, ranging from 1.123 to 1.218, while the mean observed number of alleles (Na) ranged from 1.211 to 1.384 with an average 1.302. Nei's genetic diversity (H) varied from 0.074 to 1.114 with an average of 0.164 (Table 3) .
Previous studies have demonstrated that endangered and rare species tend to have low level of genetic diversity based on ISSR data [28, 29] , while some investigations have lately proved that some endemic species have high level of genetic diversity [30, 31] . The authors' results showed that the genetic diversity of argan tree is relatively higher (PB% = 98.8% and H = 0.172) contrary to what has been reported by other studies on the same species (allozymes analysis [18] and RAPD [15, 19] 
However, the level of genetic diversity that has been measured in argan was in agreement with the level found in some other endemic species with low level of genetic diversity at species level and high genetic diversity at population level, for instance, Heptacodium miconioides (Caprifoliaceae), a rare endemic endangered plant of China [32] and Lactoris fernandeziana (Lactoridaceas) endemic of the Juan Fernandez Archipelago, Chile [33] . These two species respectively showed PB% = 78% and PB% = 73% at species level and PB% = 27.22%, PB% = 27% at population level. On the other hand, Shannon's information index and Nei's gene diversity also showed low genetic variation at population level (0.164 and 0.217, respectively) and high genetic variation at species level (0.172 and 0.293, respectively) (Tables 3 and 4), suggesting that argan populations are endangered not as a result of a lack in the genetic variation but due to other deteriorating factors, such as increasing clearing, overgrazing and over-exploitation.
Genetic Differentiation and the Gene Flow
The total genetic diversity and Nei's gene diversity within populations were Ht = 0.172 and Hs = 0.105, respectively. The estimated coefficient of genetic variation (Gst) over all polymorphic loci was estimated to 0.3902 (Table 4) . Consequently, 39.02% of the genetic variation occurred within population, suggesting that the genetic diversity of argan mainly occurs among rather than within population.
At present, natural distribution of A. spinosa L. in Morocco is limited on a specific area. Furthermore, the genetic differentiation level of the argan tree was high compared to perennial woody endemic species (Gst = 0.179) [34] , especially when compared to other tropical trees, such as Madhuca hainanensis [35] , Vouacapoua americana [36] and even the same family endemic tropical tree (Sapotaceae) Vitellaria paradoxa (Gst = 0.047) [37] . The high level of genetic differentiation can be explained by many factors, such as the geographic distribution, the breeding system and the genetic drift. The AMOVA confirmed those finding by revealing a highly significant genetic differences (P < 0.001) within the 17 argan populations (Table 5 ). Most genetic diversity was observed within populations (48%), while the revealed variability was 40% among populations and only 12% among regions. Furthermore, the level of gene flow (Nm) was measured to be 0.7814 individual per generation between populations, suggesting that gene exchange between populations was very low.
Nei's genetic distance and genetic identities were evaluated to further elucidate the genetic differentiation between populations ( Table 6 ). The average genetic distances between the 17 populations is 0.96. It ranged from 0.017 (RT-OL) to 0.986 (RB-IZ) and the genetic identity was between 0.883 (BS-AB) and 0.994 (IZ-AD).
A dendrogram was generated to establish the relationship among the 17 populations, based on the UPGMA method. Four main clusters were obtained in The authors noticed that populations with a large geographic distance are genetically linked. Thus BS from the plains and plateaus of the Oriental in the North of the country is related to the argan region in the Southeast of the country. This was further confirmed by the Mantel test, which showed that there was no significant correlation between geographical distance and pairwise genetic distance (r = 0.065; P = 0.05). This result was never reported before, because the genetic diversity of BS population was never included in previous investigations.
Principal coordinate analysis (PCoA) was run to provide spatial representation of the relative genetic distance among populations and the obtained results were in agreement with the UPGMA clustering. The first two compounds explained 25.66% and 21.63% of Population RT  OL  JK  MR  RB  TS  NK  AI  TM  TO  AD  MZ  IZ  AB  TA  LA total variation, respectively (Fig. 3 ). Pfeifer and Jetschke [38] identified geographical isolation as main factor influencing genetic differentiation by limiting the amount of gene flow via pollen and seeds. The sampled argan populations in the present study covered a large area of the argan forest distribution. Therefore, the largest inter-population geographic distance is 1,088.52 km (IZ vs. BS). The argan tree is outcrossing and its pollens are dispersed mostly by wind and insects [39] . Hence, the different geographic barriers and characteristics of the three studied regions could hinder the gene flow via seed and pollen dispersal among populations. Also, it is known that outcrossing species maintain a strong level of genetic variation within population and a relatively low variation among populations [40] . Moreover, if Nm < 1, genetic drift becomes the main cause of genetic variation in a population, on the contrary, if Nm > 1, then gene flow neutralizes the variance in genes caused by genetic drift [41] . In this study, Nm value (0.781) is lower than those reported for other forest trees with a large distribution [41] , which indicates that the gene flow among argan populations with discontinuous distributions was limited and might raise the genetic differentiation among populations. However, the non-significant correlation found between genetic distance and geographic distance (r = 0.065; P < 0.05) indicates that the genetic or geographic isolation might not be the main factor conditioning genetic difference.
The preservation of genetic variability is one of the main objectives in conserving endangered species [42] . The molecular tools, such as ISSR markers, can be an 
Conclusions
A. spinosa L. is an endangered tree endemic to Morocco. Genetic variability was studied using seven ISSR markers to amplify a total of 340 individuals originating from 17 populations growing under arid and semi-arid climate. They generated 260 well-defined bands, with an average of 37.14 per primer. The populations revealed a relatively high level of genetic diversity at the species level and low level of genetic diversity at population level. A relative low level of genetic differentiation (Gst = 0.39) was in agreement with the results obtained by the AMOVA, which was further confirmed by a limited gene flow (Nm = 0.781) among populations. Mantel test showed no significant correlation between genetic and geographic distance, indicating that the geographic distribution is not the major factor shaping the present population genetic structure. However, preserving A. spinosa L. tree as an endangered species requires refining these finding using co-dominant markers in order to establish effective conservation strategies.
